The ambitious drinking water Sustainable Development Goal target of achieving universal and equitable access to safe and affordable drinking water for all by 2030 has been set. How indicators for this target are defined and monitored will be key to ensuring that resources are most effectively deployed to benefit those currently without access to safe drinking water. This paper discusses opportunities and challenges associated with the proposed indicators and suggests that monitoring must move beyond the monitoring and evaluation paradigm and be linked to surveillance systems that can potentially improve operational performance and financial sustainability of water services at a local level.
Introduction
We are now in 2016, the year following the adoption of the Sustainable Development Goals (SDGs). Across diverse sectors people are working towards the 17 ambitious goals that we have challenged ourselves to achieve by 2030. Water and sanitation have their own explicit goal, "ensure access to water and sanitation for all", but touches on many others, institutions, health and poverty to name just a few. Within the water sector the Millennium Development Goal (MDG) target of halving the proportion of people without access to an improved water supply was met, and met early. Hence, the WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation stated that MDG Target 7.C was met in 2010, with an estimated 89 per cent of the world's population having access to 'improved' water sources compared to 76 per cent in 1990. While easily measurable by observation, 'improved' merely defines the source and not the water emanating from it.
Quality, quantity and access are key characteristics of water that are not measured by the current infrastructurebased definition of 'improved'. Yet they directly impact water users. Clasen (2012) addresses these three factors in critiquing the actual impact of reaching MDG Target 7.C, stating that, " [w] hile quality, quantity and access are fundamental to the MDG water target, however, they are only indirectly assessed by current methods for monitoring progress toward such target." This more sceptical view has now become the mainstream (Shaheed et al., 2014) and the SDG water supply Target 6.1 now mentions 'safe' water, thus directly referring to the water itself and not just the source, stating, " [b] y 2030, achieve universal and equitable access to safe and affordable drinking water for all." The JMP's methodological note (JMP, 2015) further expands on the definitions in SDG Target 6.1, focusing on how to define it and methods of monitoring it. It also refers to a 'service ladder' up which a progression can be made from simply having access to surface water towards 'safely managed water'.
In this paper we advance three linked arguments in the debate on monitoring the water SDG. Firstly, in Section 2, we argue that it is necessary to define service levels along the service ladder according to user needs and preferences, and monitor progress up different rungs of this ladder, rather than drawing a binary distinction between those who have reached the top and those who have not. This is an issue that has been raised during the open consultation process on developing the SDG indicators (IAEG-SDG, 2015) . In Section 3 we advocate the use of monitoring systems that drive performance rather than just measure it. Bartram et al. (2014) argue that the most substantive change in the overall JMP method was that from provider-based to user-based (e.g. household survey and census) data in 2000. In this paper we advocate that new technology -and certainly automated data systems -can improve the reliability of drinking water services through driving the performance of the service provider, complementing the existing surveybased systems. Finally, in Section 4, we note the tension between achieving 'universality' of water access and 'affordability' of water services, but demonstrate an example of how improving service delivery has contributed to increased financial sustainability. Transparent, continuous monitoring can lead to fast repairs and thus incentivizes users to pay and monitoring demand allows the introduction of a flexible tariff system built on user demand. This paper draws on work, conducted by Oxford University and partners in Kenya since 2012, that seeks to improve rural water service performance and financial sustainability (Oxford/RFL, 2014 , 2015 Koehler et al., 2015; Thomson et al., 2012b) . FundiFix Ltd. is a company delivering maintenance services for rural water infrastructure (handpumps) to people in Kyuso, Kitui County, since 2012 and in Kwale County since 2014. The company is supported by the respective county governments. Driven by the continuous monitoring of handpump functionality, this new service guarantees the repair of handpumps within 72 hours. This represents an order of magnitude improvement to what used to be the case previously; downtimes have been reduced from 27 and 37 days in the respective counties to less than three days (Oxford/RFL, 2014) . Mobile-enabled transmitters installed in the handles of handpumps provide unprecedented information on handpump use that can be harnessed for developing a business model guaranteeing fast repairs and offering flexible tariffs built on user demand. Through remote, automated monitoring, repairs can be administered in immediate response to breakdowns and the company's performance in effecting these repairs can be remotely monitored. A financial model built on user satisfaction has been introduced at both sites. While no claims are made to generalize the specific finding of this work, the successful results and learning from this research contribute to the wider debate on monitoring the water SDG as outlined in the following sections.
Matching indicators with service levels
The WHO/UNICEF JMP monitoring process began in 1990 at the end of the International Drinking Water Supply and Sanitation Decade and was the obvious body to take on the task of monitoring progress towards the MDGs when they were agreed ten years later. Bartram et al. (2014) provide a review of the JMP's role and the evolution of the monitoring process over this period. Similarly, the JMP's experience in monitoring the MDGs has made it the natural lead on the debate over monitoring progress towards the SDGs and the definition of the indicators to be used. The JMP's methodological note describes a 'service ladder' starting with the use of surface water, to unimproved water, then to basic water and finally to 'safely managed water'. It states that "[c]ountries will need to reach universal coverage with a basic level of service before universal coverage of 'safely managed services' can be attained, and progress towards universal basic coverage should be seen as an important and necessary step towards reaching the SDG targets." However, the top rung of the ladder, 'safely managed water' is alone the proposed SDG indicator. This has proved controversial and having a single indicator has been questioned by various parties during the open consultation process (IAEG-SDG, 2015) with many having commented that disaggregation of the indicator along the lines of the JMP's service ladder is 'critical' or 'vital'. While 'safely managed water' for all remains the goal, having a simple binary indicator hides progress towards that goal as people move up the lower rungs of the ladder. The responses to the consultation process suggest that there has been much debate and convergence towards the principle of tracking progress at the lower levels in the indicators. The reasons cited for doing this include both practical reasons and those related to the consistency with progressive realization of the human right to water and sanitation and responding to the principle of equitable access and targeting efforts towards those most in need, demonstrating an implicitly Rawlsian understanding of the SDGs.
In a study that tracked progress towards global drinking water and sanitation targets between and within different countries, Fuller et al. (2016) found that countries follow non-linear path targets, including fits and starts, accelerations and decelerations. This suggests that there is no single clear pathway to be followed by all, the corollary being that different policy responses are required at different stages as countries climb the service ladder. As well as tracking and crediting progress at lower levels on the service ladder, for example, improvements in universal basic coverage, having the more nuanced indicators has another advantage. Along with many others, Hauser and Katz (1998) show that metrics influence behaviour as well as measuring outcomes. Taking as an example, a peri-urban context with limited resources, a single-minded effort to increase the "population using an improved drinking water source which is located on premises…" could logically lead to providing on-premises supplies to a small number of households which the existing piped system nearly reaches and are currently served by nearby standpipes. The same investment could give a much larger number of households in more marginalized neighbourhoods currently using unimproved sources, the 'basic' supply of chlorinated, piped water by extending the network and installing more public standpipes. This is not to suggest that people and organizations cynically chase metrics, simply that a poorly chosen metric can have perverse consequences and make people lose sight of the overall goal, in this case, of improving water services for those most in need.
As well as explicitly including the attainment of 'basic water' within the SDG water goal indicator, another more inclusive approach is to consider what the needs and preferences of water users are. While this applies to both 'safely managed water' and 'basic water', a specific characteristic that requires further definition is 'available when needed', which the methodological note currently suggests can come from national drinking water regulators. Crude measures of reliability and availability may not in fact reflect users' preferences. For example, a piped water system that works consistently and predictably for 18 hours per day has the same strict availability, in terms of percentage up-time, as a handpump that breaks nine times per year and is broken for ten days each time and a piped system that provides no water for two random days each week. A monitoring regime that only captures system availability will only partially represent what is of value to users.
The benefit of predictability in supply or speed of repair of infrastructure can be illustrated using indifference curves. Figure 1 (a) and Figure 1(b) show the trade-off of value between two qualities. In Figure 1a , users are indifferent between all points along U1, i.e. they have the same value. U2 shows a similar set of points, but at a higher utility. Two scenarios A1P1 and A2P2 could represent two piped systems. A1P1 is out of action for, on average, 10 hours per week, but the ten hours is random and so not conveyed to users in advance. A2P2 is out of action for 12 hours each week, but those 12 hours are scheduled maintenance, published in advance.
The former is marginally more reliable in terms of up-time, but the latter is clearly preferable to most users. For basic levels of water service, the For basic levels of water service, the predictability of a service is critical as well as the downtime per breakdown -an argument that goes back to before the International Drinking Water Supply and Sanitation Decade (Arlosoroff et al., 1986) . The balance between reliability and speed of repair can similarly be illustrated (Figure 1b) . In the context of handpumps, a system that breaks down more frequently, but is quickly repaired is preferable to one that breaks down less frequently, but is out of action for longer. Indeed, research in Kenya showed that speed of repair was found to be the most important aspect of the mobile-enabled maintenance service in a survey of users. Improvements in the speed of repair that require modest efforts in increasing operational efficiencies may provide more cost-effective ways of maximizing the benefit to users than a marginal increase in the actual up-time, through wholesale redesign or replacement of infrastructure.
Two anecdotal examples from Kyuso in Kenya illustrate these two points respectively. At two pumps that were receiving a rapid maintenance service, the communities were able to create small vegetable gardens around the pumps as the guaranteed fast repair following a failure meant that crops would not die in the event of a pump failure. In the second example, one woman described how she preferred to walk a six-hour round trip to collect river water to queuing at kiosks that provided chlorinated piped water, as only the former guaranteed that she would return home with water each day.
Correctly defined indicators that respond to water users' needs will enable us to more accurately monitor progress -progress that would be recognized by those water users. In addition, the correct indicators will better align the incentives of those tasked with improving water services at all levels, thus making the metrics the means of driving performance as well as measuring it.
Monitoring to improve performance, not just to measure it
New technologies, in particular those enabled by mobile communications and widening internet access, provide new opportunities for monitoring systems. Data can be generated and, most critically, shared much more rapidly and at lower cost. The main financial cost will be associated with the generation of data, with the marginal cost of sharing being minimal. These two developments allow for better monitoring at lower cost. However, the real gains come from the ability to use data to manage things differently and re-engineering systems around the assumption of data being available at low cost and in a timely fashion. This requires a move from the 'monitoring and evaluation leading to lessons learned' paradigm to a 'surveillance-response' paradigm (Thomson, et al., 2012b) . The former essentially takes a project cycle viewpoint with static systems subject to periodic review based on collated data over the previous period. The learning process derived from this approach feeds into improvements for the next cycle, but this slow feedback loop can only improve procedures and protocols, which in turn improve outcomes over the next period. It cannot lead to better day-to-day outcomes.
A 'surveillance-response' paradigm is one in which the data are used in a fast feedback loop as a key input to operational systems. Systems driven by operational feedback loops have long been used in many sectors for many applications. An example is traffic light sequencing, where the lights respond dynamically to the volume of traffic rather than using a simple time-based sequence, either through human intervention from a control centre or automatically (Hunt et al., 1981) . In the rural water sector, such systems are starting to be used and are showing their worth, for example in the two Kenyan sites where remote monitoring of smart handpumps allows immediate responses to breakdowns. Downtimes have been reduced to less than three days. Similarly, the 'Cellpump' system, being trialled in Rwanda, has shown reduction in downtimes from 152 days to 21 days (Nagel et al., 2015) . While these examples have been successful, it is obvious, but still worth noting, that the information itself did not fix a simple pump in Kenya or Rwanda. The pumps were repaired by trained mechanics with the right resources and incentives -the information was an enabler. Automated monitoring is not a panacea and non-automated systems also offer the possibility of generating performance improvements when a properly resourced maintenance service is in place. An example of this is Whave's 'Safe Water Security' project in Uganda, where pump users can call in a mechanic from a local service provider to repair a broken pump. Automated systems, however, have a number of advantages that are critical for scalability and sustainability and are also highly relevant to the discussion on SDG monitoring.
Firstly, automated monitoring systems enable continuous monitoring, rather than intermittent or periodic monitoring. Figure 2 shows the result of different types of monitoring in the case where a system may be performing well, or not. Periodic monitoring, as is typically used within the monitoring and evaluation paradigm, only provides a snapshot of performance at a given point in time. Assuming stationarity, which in many cases would not be valid given seasonality, a snapshot may give a reasonable measure of average system performance over time. But it will not be able to drive the better systems that improve outcomes as described above. Non-automated systems that rely on users to call in for repairs are, in effect, intermittent monitoring systems that only flag failures. While they can lead to improved performance for those who request repairs, they are based on the implicit assumption that users and communities are motivated and incentivized to call in the breakdowns. This creates an equity problem as there is a risk that the communities that are most marginalized and have the least capacity to take advantage of such a system are not served. Moreover, we do not know that they are not served. This goes against one of the principles underpinning the SDGs and the Human Right to Water, that of equitable access and targeting those most in need. Figure 2 . System performance and monitoring/reporting (Thomson et al., 2012b) Secondly, automated systems, notwithstanding their limitations, provide objective replicable data. The same data that inform the mechanic of a breakdown can inform the district water officer of the breakdown and subsequent repair. These same data can also inform national and international monitoring systems. These systems can, therefore, link the local operational data requirements to the high level monitoring and reporting requirements of the SDGs. And this can be done without the substantial costs associated with additional independent monitoring, or the moral hazard associated with self-reporting by those tasked with improving services.
Monitoring of the SDG water indicators could clearly not be done based on automated data alone and new technologies provide other complementary ways to monitor progress (UN-Water, 2015) . Some validation of the automated data would be vital, and the information required to track progress towards meeting the SDG targets is significantly more nuanced than what such systems can provide, making additional data collection though surveys as important as it is currently. The two are, however, highly complementary and can cross-validate each other. In cases where there is a significant mismatch between automated and survey data, further investigation can be triggered, or systematic biases in reported data can be identified and adjusted for. Monitoring at source as well as at household or consumer level, allows non-household settings, such as schools, healthcare facilities and work places, inter alia, to be more easily included -a challenge of the current system of international Water, Sanitation and Hygiene (WASH) monitoring to date (Cronk et al., 2015) .
Furthermore, the linking of monitoring and evaluation data and operational data, be that automated or humangenerated, is likely to increase the completeness and reliability of the reported data. Respondents to household surveys or crowd-sourced data (e.g. by SMS or smartphone application) will be more engaged in a process that leads to improvements in water services in the immediate term. As well as reducing respondent fatigue, linking such surveys to local operational institutions makes the process less patronizing and more equitable. Viewed through the lens of the Human Right to Water, the interaction is one between rights holders and duty bearers. Alternatively, in the case where water services are paid for, this interaction becomes a professional relationship between customers and service providers, with the feedback from customers helping the provider improve service provision.
Monitoring drives financial sustainability through improved services and transparency
Monitoring -if used to quickly respond to failures of water points -can contribute to performance, which in turn can improve financial sustainability. In order to increase the percentage of the population using safely managed drinking water services, finances are required that ensure the reliable management of water services over time. However, the non-functioning of one-third of the handpumps in rural Africa (RWSN, 2009) represents an uncertain return on the USD1.2-1.5 billion of infrastructure investments of the last two decades (Baumann, 2009 ). Increasing water service coverage has failed to translate into a guarantee of reliable service delivery (Hope and Rouse, 2013; Thompson et al., 2001; Therkildsen, 1988) . The long repair times that contribute to high handpump failure rates in rural Africa are associated with weak payment systems (Foster, 2013; RWSN, 2009; Harvey, 2007) . The failure of communities to speedily repair their water points, commonly handpumps, results in longer-term non-functionality causing discontent amongst water users, who then look for alternatives and refrain from paying fees -a process that leads to a downward spiral in water services (Rouse, 2007; Cross and Morel, 2005) . To counter such a downward development, professionalized, supra-communal management options should be considered for rural water services recognizing the critical importance of the interface between a community-based model and the local community it is meant to serve (Blaikie, 2006) .
Poor service levels appear to be one of the most important barriers to sustaining water user payments. Findings from Kenya demonstrate that increased reliability, enabled through mobile monitoring, constitutes a critical component of demand as it affects other user preferences. The value the new service level supplied by the maintenance service provider constitutes for the rural water users was estimated through a willingness-to-pay study in one of the Kenyan study sites, Kitui County. Users expressed a five-fold higher willingness-to-pay for the improved maintenance service (Koehler et al., 2015) than before the trial. Building on these results, a professionalized maintenance service linked to performance-based contracts was introduced guaranteeing repairs within three days. In the model, regular prepaid user contributions are made through the commonly used mobile payment platform M-PESA. Registered users are sent a notification of payment and reminders via SMS (Oxford/RFL, 2015) . This provides a mechanism for financial flows from rural water users to the maintenance service provider -an important element of sustainable finance. Moreover, higher accountability is guaranteed through a feedback loop system, which allows other community members to monitor the administration of payments, thus increasing user trust in the system. This may reduce one of the barriers to the financial sustainability of water services. Mobile payments also allow transparency from a regulatory perspective; government and donors are able to monitor financial flows and make better-informed decisions on new infrastructure investments that can help successful schemes in climbing the service ladder.
The second advantage from continuously monitoring user demand is that a flexible tariff system can be introduced. Such a system is more appropriate for balancing economic efficiency with fairness than a flat rate method of charging. Linking the charges for maintenance services with observed levels of use allows the price to be matched to the demand for water. It is more equitable and more likely to be sustained in the longer term than a flat rate system, under which lightly used pumps with few users would, on a per capita basis, effectively be subsidizing more heavily used pumps. Such a three-tier system was introduced in Kenya with a standard fee, a low-use fee and one for special cases, for example schools and hospitals (Oxford/RFL, 2015) . Other factors, such as the density of pumps and the institutional organization of user groups, were also found to be key for financial sustainability (Koehler et al., 2015) . Using actual handpump use data from Kenya, we modelled how the equivalent volumetric tariff per cubic metre of water changes when a pricing system moves from a flat fee charged per pump to charging by different use bands. All four systems shown in Figure 3 would generate the same overall revenue, an income sufficient to sustain services at scale, if there was 100 per cent revenue collection. Given the large variation in handpump use across the study area, a flat fee per pump results is a correspondingly large range in equivalent volumetric tariffs. Simple charge banding reduces the variation in the equivalent volumetric charge between pumps. Moving from a flat rate to a four-band system, the interquartile range (IQR) reduces by 3.5 times with no community paying over USD1 per m 3 of water pumped. Such a system would both increase fairness and financial sustainability, as no community would be charged an unreasonably high rate that they would be unlikely to be willing or able to pay. However, when discussing SDG targets and setting indicators, we must also acknowledge the inherent tension that can emerge between universal access and the financial sustainability of water services that require user payments (Koehler et al., 2015; Foster and Hope, 2016) . To ease this tension, various subsidy schemes exist to ensure that the poor and marginalized users are included in the service models. Novel institutional responses, like the ones presented in this paper, may contribute to balancing better universal and equitable access for all. While the sustainability of services will inevitably require user payments, there remains a critical role for government and donor finance to ensure universal coverage.
Conclusions
Sustainable water services, therefore, require new approaches to tackle the widely documented failures of mere infrastructure construction and the associated limitations of current monitoring practices. The SDG water goal presents an opportunity to move beyond simply monitoring infrastructure investments and address the water services that people receive. However, to ensure that benefits are seen by all, in particular those currently without even basic water, it is essential that the SDG indicators consider progress towards intermediate levels of water service provision.
It is clear that to be effective, monitoring must anticipate policy needs (Bartram et al., 2014) . We posit that as well as shaping water policy, monitoring can be an essential tool to improve operational performance if these monitoring systems are linked to local operational systems and respond to the needs and preferences of users. This in turn can contribute to financial sustainability, transparency and accountability as users have a direct and immediate stake in the monitoring process. Innovative and responsive use of operational data has the potential to resolve the tension that exists between achieving universal water access and services that are sustainable both operationally and financially.
As well as setting the goals for the world in which we want to live in 2030, the SDGs and the debate around how to monitor them has provided an opportunity to reflect on the lessons learned from monitoring the MDGs. The opportunity to reflect on how we monitor progress towards the SDGs can help us rethink how we go about achieving them and can thus help us reach them sooner.
